BACKGROUND: Breast cancer screening with magnetic resonance imaging (MRI) may be a useful adjunct to screening mammography in high-risk women, but MRI uptake may be increasing rapidly among low-and average-risk women for whom benefits are unestablished. Comparatively little is known about use of screening MRI in community practice. OBJECTIVE: To assess relative utilization of MRI among women who do and do not meet professional society guidelines for supplemental screening, and describe utilization according to breast cancer risk indications. DESIGN: Prospective cohort study conducted between 2007 and 2014. PARTICIPANTS: In five regional imaging registries participating in the Breast Cancer Surveillance Consortium (BCSC), 348,955 women received a screening mammogram, of whom 1499 underwent screening MRI. MAIN MEASURES: Lifetime breast cancer risk (< 20% or ≥ 20%) estimated by family history of two or more firstdegree relatives, and Gail model risk estimates. Breast Imaging Reporting and Data System breast density and benign breast diseases also were assessed. Relative risks (RR) for undergoing screening MRI were estimated using Poisson regression. KEY RESULTS: Among women with < 20% lifetime risk, which does not meet professional guidelines for supplementary MRI screening, and no first-degree breast cancer family history, screening MRI utilization was elevated among those with extremely dense breasts [RR 2.2; 95% confidence interval (CI) 1.7-2.8] relative to those with scattered fibroglandular densities and among women with atypia (RR 7.4; 95% CI 3.9-14.3.) or lobular carcinoma in situ (RR 33.1; 95% CI 18.0-60.9) relative to women with non-proliferative disease. Approximately 82.9% (95% CI 80.8%-84.7%) of screening MRIs occurred among women who did not meet professional guidelines and 35.5% (95% CI 33.1-37.9%) among women considered at low-to-average breast cancer risk. CONCLUSION: Utilization of screening MRI in community settings is not consistent with current professional guidelines and the goal of delivery of high-value care.
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INTRODUCTION
Magnetic resonance imaging (MRI) has become much more widely utilized for breast cancer screening 1, 2 since guidelines for MRI use in high-risk women were first issued in 2007. MRI is currently recommended for breast cancer screening among women with 20% or greater lifetime breast cancer risk by the American Cancer Society, the American College of Radiology, and the Society of Breast Imaging. 3 The American College of Physicians advises against MRI screening for average-risk women. 4 While much of the data regarding potential harms and benefits of screening MRI are derived from studies in high-risk populations, [5] [6] [7] [8] [9] evidence is accumulating that screening MRI is diffusing to average-risk women, 1, 2 for whom the benefit/harm ratio is unknown, and possibly lower.
Among women with a high breast cancer risk, annual screening with MRI in conjunction with mammography has led to increased cancer detection rates compared with mammography alone. [5] [6] [7] [8] [9] In high-risk women, cancers detected by MRI are more likely to be earlier stage and node negative than those detected by mammography. 5, 10 However, providers do not always recognize when women meet criteria for high breast cancer risk and should be referred for related services. 11 Although benefits of MRI screening of high-risk women are often accompanied by higher false-positive rates than mammography screening 5, 7, 12 and direct evidence of decreased mortality with MRI use is lacking, low rates of supplemental MRI screening of women with 20% or greater lifetime risk could be considered a missed opportunity to utilize a technology that demonstrates promise for early detection.
Despite lack of data regarding benefit, results of several studies suggest that MRI screening is diffusing to lower risk women not covered by professional society recommendations.
1, 2 Among women with less than 20% lifetime risk, performance of screening breast MRI, including cancer detection rates, false-positive rates, and recalls for biopsy and other diagnostic tests, has not been determined. In decision analytic models, screening MRI is not cost-effective unless utilized in extremely high-risk populations. 13, 14 In the absence of data on the balance of benefits and harms, MRI screening among women with less than 20% lifetime risk might be considered unwarranted use of the technology. Relatively little is known about MRI utilization patterns in community practice.
Professional guidelines for screening MRI recommend that lifetime risk be determined by prediction models that use family history or high-risk mutation status as primary risk determinants. In models of lifetime risk based on family history, such as the Claus model, the International Breast Cancer Intervention Model, or the Breast and Ovarian Analysis of Disease Incidence and Carrier Estimation Algorithm, [15] [16] [17] generally, a woman with two first-degree relatives with breast cancer has at least 20% lifetime risk and meets the threshold for annual MRI screening.
We sought to determine the utilization of supplemental screening with breast MRI among 348,955 women receiving mammography screening in the Breast Cancer Surveillance Consortium (BCSC). We examined MRI screening according to established breast cancer risk factors, using two or more first-degree relatives with breast cancer as an indicator of 20% or greater lifetime breast cancer risk.
METHODS

Study Setting and Data Sources
The study was conducted in five regional registries of the BCSC, a breast imaging network that collects risk factor, imaging, and pathology information as well as cancer diagnoses and vital statistics data for women undergoing breast cancer screening. 
Measures, Definitions, and Outcomes
All women aged 35-69 years without a personal history of ductal carcinoma in situ, invasive breast cancer, or breast augmentation who received a screening mammogram at a BCSC facility between 2007 and 15 months prior to the end of follow-up (NHMN December 2011; GH September 2013; SFMR and CMR December 2013; VBCSS September 2014) were eligible. A screening mammogram was defined as a bilateral mammogram with indication of Bscreening^recorded by the radiologist or technologist, which was not preceded by a mammography examination within the previous 9 months. A minimum of 15 months of follow-up was required to allow capture of receipt of screening MRI, our primary outcome. We restricted analyses to women screened at facilities that reported at least five MRI examinations during the study period to insure that MRI was available to attendees.
Demographic and risk factor information was collected using self-administered forms at the time of mammography. Women reported age, race/ethnicity, highest level of educational attainment, and first-degree family history of breast cancer. Prior biopsy results obtained from pathology reports were categorized as: non-proliferative disease, which included unknown; proliferative disease without atypia, atypical hyperplasia, and lobular carcinoma in situ (LCIS). 19 Breast mammographic density obtained from radiologist assessment of mammograms was classified according to American College of Radiology Breast Imaging-Reporting and Data System (BI-RADS) criteria as almost entirely fat, scattered fibroglandular tissue, heterogeneously dense, and extremely dense. 20 The primary exposure of interest was 20% or greater lifetime breast cancer risk as defined by family history of two or more first-degree relatives with breast cancer, which usually exceeds the 20% threshold. [15] [16] [17] We also calculated lifetime risk according to the NCI Breast Cancer Risk Assessment Tool, also known as the Gail model. 21 Standard breast cancer risk factors included in the Gail model are current age, age at menarche and first live birth, number of first-degree relatives with breast cancer, number of breast biopsies, and history of breast atypia.
Women were considered to have received supplemental screening MRI if an MRI with clinical indication Bscreening (asymptomatic)^was performed within 15 months before or 15 months following the screening mammogram.
Statistical Analysis
We compared the probability of being screened with MRI by patient characteristics, estimating adjusted relative risks (RR) of receiving a screening MRI and 95% confidence limits using modified Poisson regression estimated via generalized estimating equations. We used robust standard errors to account for violation of the Poisson mean-variance relationship. 22 To allow for the additional opportunity to obtain a screening MRI among women who received more than one mammogram during the study period, the total number of mammography examinations observed for each woman was included as an offset in the Poisson model. All RR estimates were adjusted for age at first examination during the study period and for BCSC registry. Analyses were stratified by high risk (≥ 20% lifetime risk) vs. average/low-risk (< 20% lifetime risk) and age at screening examination (< 50 years, ≥ 50 years). As the BCSC is an open cohort, women receiving mammograms at a BCSC facility may have received screening MRI at a facility outside BCSC catchment. Thus, we report RRs for patient characteristics associated with MRI use, which are unbiased under imperfect outcome ascertainment. 23 All analyses were performed using SAS software v9.4 (Cary, NC).
RESULTS
Women screened with mammography included in the analysis (n = 348,955) underwent 1499 screening MRIs and were predominantly non-Hispanic white (69.9%) and college educated (53.3%) ( Table 1) . More than 43,000 of these women (12.5%) reported a first-degree family history of breast cancer. Approximately 1.4% of included women had a lifetime breast cancer risk of 20% or more according to the Gail risk model.
Women who reported either no or one first-degree relative with breast cancer, and who were therefore not eligible for screening MRI according to published guidelines, were 98.8% of included women (n = 344,858; 95% CI 98.8-98.9%) ( Table 2) . Among these women, those with established breast cancer risk factors were much more likely to undergo screening MRI. Women with one first-degree relative with breast cancer had a greater than eight-fold increased risk of undergoing a screening MRI compared with women with no affected first-degree relatives; an estimated 47.4% (710/1499; 95% CI 44.8-49.9%) of all screening MRIs was received by these women.
Among women who did not have a first-degree family history, we investigated other risk factors that might have prompted MRI screening. Women who reported a prior biopsy were 4.0 times more likely to undergo supplemental MRI than women without a prior biopsy. Among biopsied women, the likelihood of MRI increased substantially with increasing degree of high-risk benign lesions. Compared to women whose biopsies had non-proliferative disease, risk of MRI receipt was over seven-fold higher among those with atypia and 33-fold higher among those with LCIS (p-trend < 0.001). Use of screening MRI also increased with BI-RADs breast density category. Women classified as having heterogeneously dense tissue were 1.5-fold more likely and those with extremely dense tissue were 2.2-fold more likely to be screened with MRI (p-trend < 0.001) than women with scattered fibroglandular tissue. Screening MRI utilization did not differ by age, except that women with a family history were more likely to obtain an MRI if age < 50 years (RR 11.2) vs. older (RR 6.6) (p-value heterogeneity < 0.0001). Women without a firstdegree family history, who have low-to-average risk by family history-based guidelines, received 35.5% (532/1499; 95% CI 33.1-37.9%) of all MRIs.
The collective influence of breast cancer risk factors on use of supplemental MRI among women without a family history was reflected in the relationship between MRI use and Gail risk score (Table 2) . Women with a Gail risk score of 15-19% lifetime breast cancer risk underwent MRI almost three times more often than women with less than 15% lifetime risk. Women with more than 20% lifetime risk were over 20-fold more likely to receive MRI and generally had breast biopsy results such as atypia. Thus, the Gail model, when applied among women who did not have a first-degree family history, may have influenced MRI use. In contrast, women with two or more first-degree relatives with breast cancer (n = 4097; 1.2% of all women; 95% CI 1.1-1.2%) constituted a high-risk group who met the criteria for MRI (20% or greater lifetime risk) established by professional guidelines (Table 3) . In this group, women with additional established breast cancer risk factors were also more likely to undergo screening MRI. Women with a history of breast biopsy were more than two-fold more likely than women without a prior biopsy to be screened (Table 3 ). The small number of women with high-risk lesions (e.g., LCIS) screened with MRI precluded analysis of trend. Women with heterogeneously dense or extremely dense tissue also were 1.6-1.9 times more likely to undergo supplemental MRI than those with scattered fibroglandular densities. MRI screening was not more common among women with Gail 
DISCUSSION
Our data suggest use of screening MRI is not in concordance with professional society recommendations. We found that at least 6.3% (257/4097; 95% CI 5.6-7.1%) of women at highrisk for breast cancer, defined as two or more first-degree relatives with breast cancer, underwent screening MRI. In contrast, screening MRI was received by at least 0.36% (1242/344858; 95% CI 0.34-0.38%) of women who had fewer than two first-degree relatives with breast cancer. While the latter finding might seem of limited consequence, the continued growth of MRI use in a low-risk population poses issues for effective resource utilization; in the context of 39.3 million mammograms annually in the United States, 24 0.36% implies more than 140,000 MRI screening examinations yearly in low-to average-risk women.
Screening guidelines from professional organizations recommend MRI use only among women deemed at elevated breast cancer risk: high-risk genetic mutation carriers, recipients of chest irradiation prior to age 30, and women at increased risk as calculated by models that largely depend on family history. Such recommendations are based on the limited evidence available from observational studies, in which women with a high genetic breast cancer risk who received MRI screening had an increased cancer detection rate, [5] [6] [7] [8] [9] and identified cancers were often earlier stage than those detected through screening mammography. 5, 10 However, the absence of data on mortality, the most clinically relevant outcome, together with higher false-positive rates for MRI than mammography, prompted restriction of MRI screening recommendations to women in whom the higher cancer detection rates might offset possible harms, such as the cascade of additional imaging and diagnostic procedures that can accompany a suspicious finding. 25 Increased cancer detection rates in high-risk populations without definitive proof of survival benefit also suggests possible harm from overdiagnosis. However, for high-risk women, the balance of benefits and harms has been judged to favor annual screening by MRI as one component of a comprehensive cancer surveillance plan. 3, 26 The supplemental MRI screening of women with low-toaverage risk suggests that women and/or their physicians 27 use MRI for reasons not identified by our study. Concerns about mammography effectiveness or breast density notification laws may lead women at lower risk to seek advanced imaging, while physicians may be influenced by women's expectations, reimbursement mechanisms, risk aversion in a litigious legal climate, and confidence in the clinical effectiveness of MRI. 27, 28 Our data suggest that women with atypia, LCIS, or extremely dense breast tissue in particular appear to receive MRI screening more frequently than women without those characteristics. Limited evidence is available regarding the benefits and harms of MRI among intermediate-risk women (above average risk and < 20% lifetime risk). 5, [29] [30] [31] [32] For women at intermediate risk, cancer detection rates by MRI appear similar 5 or higher [29] [30] [31] [32] than by screening mammography, and recall rates are generally greater. However, even if sensitivity and specificity were equal among intermediate-and high-risk women, the lower cancer incidence in the intermediate-risk population (and thus lower positive predictive value) might preclude routine MRI use. Results of several analyses suggest that MRI screening is currently cost-effective, using standard criteria, only among women with high lifetime breast cancer risk. 13, 14, 33, 34 Cancer yield and survival benefit with MRI may have to be high to support annual MRI screening of intermediate risk women.
As the complex balance of potential harms and benefits for screening MRI has been determined to result in a net benefit to women at familial high breast cancer risk, 3, 26 MRI receipt by only a fraction of high-risk women presents an opportunity to improve identification of these women and offer MRI screening. Our data suggest that, after high familial risk was taken into account, other established risk factors for breast cancer played only a modest role in shaping MRI screening decisions.
For instance, women with over 30% lifetime risk according to the Gail score were no more likely to undergo MRI than women with 20-29% lifetime risk. Barriers to screening MRI receipt include access, out-of-pocket costs, and ability to tolerate the procedure; these may affect up to 40% of highrisk women. 35 These factors, coupled with a lack of recognition of high-risk women who might benefit from additional services, 11 suggest that if mortality benefits are clearly established, optimizing MRI screening benefits for high-risk women may require reduction of multiple barriers.
Limitations of our study include lack of data on high-risk mutation status, although this should correlate closely with breast cancer family history. We also lack pedigree information on ovarian cancer and on breast and ovarian cancer history in second-degree relatives. As a result, a small proportion of women may have been misclassified as low or average risk. Our analysis is limited to examinations performed in facilities that participate in the BCSC. Some women who received a screening mammogram at a BCSC facility may have received a screening MRI at a non-participating facility. By limiting the analysis to facilities that performed both mammography and MRI, we minimized potential under-ascertainment of MRI use. We are not able to estimate the actual prevalence of MRI use. However, the relative risk of undergoing MRI, comparing risk groups, is unbiased even with incomplete capture of MRIs. 23 Our study strengths include the availability of screening information from breast imaging facilities in five geographic regions, allowing inferences beyond the specifics of a single practice.
Breast MRI use that is not concordant with guidelines, as documented in this study, poses distinct challenges to effective resource allocation in breast cancer screening. Our data suggest that women with less than 20% lifetime risk based on family history, but who have high breast density, breast atypia, or LCIS, undergo MRI at many times the rate of other women, although the harms and benefits in this population are uncertain and the cost-benefit ratio may exceed established benchmarks. 13, 14, 33, 34 Such women may not be at substantially increased risk of cancers missed by mammography (interval cancers) and thus not in need of screening MRI, in part because interval cancer rates are high among women at higher overall breast cancer risk. 36 In contrast, among women who meet professional guidelines for screening MRI, only a fraction received this service; thus, potential benefits may be missed. Our data illustrate the substantial gap between current practice and supplemental MRI breast cancer screening that is both consistent with professional guidelines and the goal of delivery of high-value care. 4 ,37 MRI performance measures should be evaluated in non-mutation carriers using validated risk models and consideration of survival benefit to guide MRI utilization.
